The rural population of Cambodia currently has limited access to improved water sources, with monthly access significantly varying between the wet and dry seasons. This poses difficulties for many households across the country, especially in the dry season when stored rainwater -a common source for many -becomes difficult to obtain, necessitating a switch to sources unsafe for consumption. This study evaluates the effect of seasonal climate on bottled water as an alternative solution to accessing safe drinking water. A study of 240 households in the Battambang province, Cambodia correlated seasonal uptake of bottled water with household wealth, quality of road access and access to alternatives. This was supported by historical data on bottled water uptake from three communities. The results suggest that substantial seasonal change in uptake occurs in rural Cambodia; most noticeably in households of low wealth. As one of the first studies on bottled water in Cambodia, these are important findings; particularly given the recent increase in rural bottled water distribution. The study finds bottled water is not an appropriate means for Non-Governmental Organisations targeting the poorest strata of the community; however there is potential for the private sector to supply more affluent households.
prevents villages from maintaining even current levels of service for water and sanitation (UNDP and UNCF ). The situation is made more difficult to solve by the patterns of community distribution across the country. In Cambodia, 82% of the population live in low-density rural areas (ADB ), where the emphasis has been on accessing drinking water through groundwater sources such as tube wells and surface water sources such as rivers and shallow ponds. It is now evident that not all these sources meet drinking and some other pathogens. Unfortunately they cannot address heavy metal contamination cost-effectively or remove agricultural waste products; they are also of limited benefit where insufficient water exists in the first place.
Piped water from small scale water treatment plants is now being developed for larger villages -typically 300 plus families, but it is estimated that only 2.5% of the country's population can access piped water (WEPA ). Many people throughout Cambodia already practise rainwater harvesting on an ad-hoc basis by collecting runoff in rainwater tanks, typically about 500 litres in capacity (Barrie ) .
The meteorological climate in South East Asia provides its own challenges, as Cambodia experiences a monsoon season for approximately 6 months of the year (Irvine et al. ) . Between May and October the country experiences approximately 88% of its annual rainfall (Kummu ) . This necessitates a bi-annual change in water source for many rural families, switching from rainwater harvesting in the wet season to collecting surface water or groundwater during the drier months (ADB ; PATH ). A recent survey carried out by the Ministry of Rural Development found over 60% of respondents accessing water from unimproved sources during the dry season, with this statistic almost halving during the wet season to 34% (MRD ).
The introduction of bottled water distribution in the provision of safe water to communities in the developing world is a relatively new and rapidly growing sector (Hystra ). The aim of this study was to assess bottled water as a means of providing rural communities with access to safe drinking water throughout the year. This was achieved by:
(i) investigating the seasonal variation in uptake; and (ii) identifying factors influencing the continuation of TS1001 customers across the year.
METHODOLOGY Ethics
The research study, implemented in households in Cambodia, was carried out with the prior consent of the individual and with the knowledge that private information would be collected in confidence. Individuals were made aware they were in a position to withhold any information they wished.
Sample group
The study focused on three rural communities in the Battam- while it is considered a prosperous province with 13 businesses producing bottled water (USAID ). The communities selected for this study were situated at least 10 km from the city of Battambang, and had between 1,000 and 3,000 households. All three stations had been in operation for over 1 year, to allow the community to become familiar with the TS model. This also ensured that the station had successfully distributed water to families during both the wet and dry seasons. Through stratified random sampling 240 households were studied between 26 December 2011 and 13 January 2012. A control group of 120 households, 40 in each village, was compared against TS1001 current users, 40 in each community. The selection method used in the study is shown in Figure 2 , and is in agreement with methods previously used to understand the use of biosand filters in Cambodia (WSP ).
Data collection
Data were collected from two sources: (i) data monitoring the volume (in litres) of water distributed each day over the lifetime of the three stations, supplied by TS1001; and (ii) a survey comprising of formal questions and surveyor observations to investigate the household's seasonal drinking 
Data analysis
Data investigating the daily volume (in litres) of water sold at each station were plotted over the lifetime of the station to identify if a pattern of seasonal variation existed. An average trend line was plotted to reduce anomalies in the data, and give an average representation on a day-to-day basis.
An odds ratio analysis was applied to the survey data to identify links between seasonal variation and uptake. This method, used in other systematic studies (En & Gan ) , identifies whether the factor has a positive or negative correlation on the uptake of TS1001 bottled water and provides a confidence interval showing if the factor is statistically significant or merely a trend. The odds ratio is a measure of the odds of an event occurring in one group to the odds of it occurring in another. An odds ratio result of >1 suggests a positive correlation to the factor and the probability of uptake of bottled water. Similarly, an odds ratio of <1 suggests a negative correlation. The factors were statistically significant if the 95% confidence intervals were consistently above or below zero. A factor was considered to be positively significant if both confidence intervals were >1 and negatively significant if both confidence intervals were <1. The odds ratio is calculated given the response from the respective group, the answer being identified as either an 'event' or a 'non-event'. The odds of the event are calculated using the formula stated in Equation (1).
where, G1 E refers to TS1001 Event, G1 NE refers to TS1001 Non Event, G2 E refers to Control Event, and G2 NE refers to Control Non Event. litres per day in September. There are an insufficient number of yearly cycles to draw definitive conclusions on the seasonal variation in bottled water uptake, although the initial trend suggests a drop-off rate of greater than 50% in the dry season.
Seasonal factors controlling uptake of TS1001
Data on seasonal drinking water habits were collected for both study groups and compared using an odds ratio analysis to identify controlling factors. The results of the analysis are presented in Table 1 ; factors considered statistically significant are shown in bold. 
DISCUSSION Seasonal variation in bottled water uptake
Based on both the data supplied by TS1001 and the analysis of the survey results, it was observed that rural Cambodian communities display a significant variation in uptake of bottled water delivery between the dry and wet seasons.
Trends identified (Figure 2 ) suggest that the quantity of water distributed by TS1001 decreases by more than 50%
between May and October, coinciding with the wet season. The TS1001 group and control household group were compared, to identify any key differences in seasonal drinking water habits. Results from this study (Table 1) indicate that households were statistically unlikely to take TS1001 bottled water if they: (i) used a pond/small reservoir as the primary source of drinking water in the dry season; and (ii) collected drinking water using a pump. In contrast, families that collected their drinking water 'in-house' -such as from a pump or rainwater harvesting scheme -were positively linked with adoption of the TS1001 bottled water scheme. This was likely to be related to the seasonal availability of a household's water source, as having access to a year-round source such as a pond negates the requirement for water delivery.
Bottled water as a safe drinking water source in rural communities
Bottled water is not classified as an 'improved' drinking water source by the World Health Organization (WHO and UNICEF ). This is not due to water quality, but instead is attributed to concerns over affordability and quantity. However, the 2011 Hybrid Strategies Consulting
Report -which compares around 140 safe water access projects from across the world -suggests that bottled water could be an appropriate solution for up to 50 million people worldwide, 80% of whom are situated in Asia (Hystra ). The findings of this study (Table 1) show a high proportion of TS1001 bottled water uptake during the dry season, when access to an improved source of drinking water is recognised as being low (ADB ; MRD ; PATH ).
Hutchens et al. () suggested that bottled water is
financially suitable only for medium-and high-wealth rural families in Cambodia. This study indicates that it is primarily these groups who are prepared to continue paying for the service when rainwater is available, as demonstrated by the odds ratio analysis ( Table 2) . The results show a positive correlation between households earning between US$2-5 per day and households changing to drink rainwater during the wet season. Similarly, households earning greater than US$5 per day were observed to be more likely to continue to use the TS1001 bottled water throughout the entire year. This implies that households prefer to rely on bottled water delivery rather than collect their own rainwater, provided they can afford to.
Medium-and high-wealth families are more likely to continue receiving bottled water rather than transfer to rainwater collection than poorer households, emphasising the value of this service. This observation has consequences on the marketability of bottled water as a household amenity; demand from these wealth groups could be a strong incentive for increased private investment in bottled water. Further research is required to investigate the effect of this.
The findings of this research ( Table 1) 
Seasonal climate variation and rural road access
The results indicate a negative correlation between poor household road access and uptake of TS1001 bottled water (Table 1) . This is important in the context of seasonal climate variation, as the rural road network in Cambodia is of a very low standard. Only 20% of the major roads and highways are covered in asphalt and are in passable condition all year round, and the problem is even more pronounced in the rural areas where 99.7% of rural roads remain unpaved (Sum ) . Improved roads create the conditions for better service access -such as transported water -to rural communities (Hettige ) . The results of the study (Table 2) confirm this. Households situated greater than 3 km from the distribution station were less likely to continue using TS1001 bottled water during the wet season, compared with those that were closer. These combined findings suggest that the success of a bottled water distribution model is dependent on the reliability of transporting water between the source and the user. Poor road access is recognised as a barrier to reducing rural poverty (Hettige ) , and so this reliance on continual access fundamentally undermines the ability of bottled water to target those that most require safe water provision. Improvements in road quality to enhance the delivery of bottled water are likely to improve the uptake rates given the results; further research into this is required.
Sector involvement in bottled water provision
The results of the study indicate that bottled water does not target the poorest strata of the rural community, and is instead an amenity more appropriate for higher-income households.
This makes bottled water potentially unsuitable for NGOs aiming to reduce rates of global poverty by providing safe water access to the poorest. Many failures of water supply projects have been attributed to weak, or a lack of, private sector involvement (Byars & Antizar-Ladislao ) ; and the associated demand from wealthier households in Cambodia makes this an attractive area for private investment. The advantages of this include sector competition, leading to increased efficiency in service delivery (Kleemeier ) , although the considerable seasonal variation in uptake must be accounted for ( Figure 3 ). There is a recognised lack of bottled water quality control in the region (Hystra ), and so improved enforcement of standards are required from the National Government of Cambodia (NGC), who are recognised as being deficient in this area (NGC ). NGOs who intend to implement change for the poorest should consider other, more affordable, water quality interventions.
Limitations
The main limitation of the work presented herein was the small number of stations and households studied; a larger number would have increased the extent to which our findings can be generalised. However, our study was restricted to three 'financially stable' communities so as to minimise the possibility of local bias; communities of households of 1,500 or more (Hystra ) where the TS model had been in operation for over 1 year. This study uses data provided by an external source over the lifetime of the distribution station, and relied on the operator providing accurate details of uptake. Data were not available on some dates; however the study only investigated trends over time. Households were identified for surveying using satellite imagery, and so some bias during selection may have occurred if a household was not visible. Mistranslation of answers during household surveys may be a further source of error.
CONCLUSION
Keeping cognisance of the limitation of the small sample size, a few findings are worth noting. The study finds that bottled water may be an appropriate means of providing safe drinking water to rural families during periods when rainwater is scarce. However, the quality of road access and the ease of collecting rainwater -itself an 'improved'
water source -in the wet season results in a significant drop of 47% in bottled water uptake for a large proportion of the year. Additionally the research showed that the provision of bottled water as a year-round service is limited to medium-and high-wealth households, with the poor statistically more likely to revert to rainwater.
Bottled water is not an appropriate means for NGOs targeting the poorest strata of the community. Significant improvement in rainwater storage facilities, along with other water quality interventions by NGOs, may provide these families with the best possible access to safe drinking water during the dry season. This study recommends that the provision of bottled water is best suited to private operators distributing to affluent rural households, and the NGC must enable this by enforcing clear bottled water quality standards across the region.
